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Poly(iininomethylenes). 10l. Esterolytic catalysis by poly(carbylhistidine) and 
poly(carbylhistamine) +
J .  M. van dcr Eijk, Ch. F. Gusdorf, R. J .  M. Nolte and W. Drenth
Laboratory fo r  Organic Chemistry o f  the University at Utrecht, Croesestraat 79, 3522 A D  Utrecht, 
The Netherlands
( Received November 27th, 1978)
Abstract. The catalytic activities in the hydrolysis o f  4-nitro- and 2,4-dinitrophenyl acetate were 
determined for a polymer of 3-(4-imidazolyl)-2-isocyanopropanoic acid ( la )  and of  2-(4-imidazolyl)- 
1-isocyanoethanc (lb). A detailed kinetic analysis has been performed. The reaction starts with 
acylation of the imidazole groups followed by deacylation. With excess of substrate  the second step is 
rate-determining and the system show's burst kinetics behaviour. The rate of acylation o f  la  can be 
analyzed by a two term equation ;  the m ajor  term involves the C O O H  groups. A transition state is 
proposed in w'hich C O O H  stabilizes the negative charge developing on carbonyl oxygen. This system 
is approxim ately  400 times more active than e.g. histidine. The data  for lb  reveal that the polymer 
imidazole groups are approxim ately  six times more active than e.g. the imidazole group of histamine. 
This phenom enon is ascribed to a cooperative effect o f  the polymer imidazoles.
The deacylation is general base catalysed. Its rate constants  are almost equal to those of acetylimida- 
zole.
For com parison, the hydrolysis of the charged substrates 4-acetoxy-3-nitrobenzoic acid anion and 
3-acetoxy-/V,A^AMrimethylanilinium iodide by la  and lb  has been included.
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Introduction
Histidyl imidazole is involved in the catalytic action of 
several hydrolytic enzym es2. In order to understand its role, 
m onom eric3 and polymeric40 model systems have been 
studied. Cooperative effects of imidazole and other catalytic 
functions like carboxyl and hydroxyl groups have given 
insight into the factors which govern the high efficiency of 
enzymes.
In this paper we describe the esterolytic catalytic activity of
poly(iminomethylenes), R —N = C
/
\
w;hich contain imi-
n
dazole groups in their side chains R. Two factors have been 
decisive for choosing poly(iminomethylenes) as supports  
for imidazole. Firstly, these polymers have a rigid rod 
s truc tu re6 and thus, provide a rather well defined micro­
environm ent for catalysis. Most polymeric supports  for 
catalysts do not fulfil this condition because they are random 
coils like vinyl polymers or networks like poly(ethyl- 
eneimine). Secondly, the poly(iminomethylene) rigid rods 
are tightly coiled helices6,7. Left-handed and right-handed 
helices can be obtained through resolu tion8 or by the 
stereoselective polymerization of one enantiom er of a 
chiral m o n o m e r1. Because of their chirality enantiom ers of 
poly(iminomethylenes) are attractive model systems for the 
enantiospecific action o f  enzymes. So far, little attention has 
been paid to this aspect of enzymatic catalysis in polymeric 
model systems9,10.
The purpose of the present investigation was to study the 
catalytic activity of poly(iminomethylene) anchored imi­
dazole «towards achiral activated esters. This study was 
deemed to be necessary before directing ourselves to 
enantioselective esterolysis experiments. The latter experi­
ments will be the subject of a subsequent p a p e r11. Two 
polymers have been used: poly(carbylhistidine), la, and 
poly(carbylhistamine), lb. (Their official names are in 
Ref. 12). Syntheses have been described in a previous 
p a p e r 13.
f D ed ica ted  to Prof. Dr. E. Havinga  on the occasion of  his 70th 
b ir thday .
2
3
7
8
10
1 1
1 2
1 3
c h 2 "
HNn ^ N
H
C -N
I
X
= c
1
a, X =  C O O H
b, X =  H
C H ? - C - N H
H
C
I
X
2
2
1 Part  9: A. J. M. van Beijnen, R. J. M. N olte , J. W. Z w ikker  and 
W. Drenth , J. Mol. Cata l .  4, 427 (1978).
F. Schneider , Angew. C hem . 90, 616 (1978).
Th. C. Bruice an d  S. Benkovic, B ioorganic  M echan ism s ,  W. A. 
Benjam in New Y o rk  (1966), vol. 1, p. 46.
T. Kunitake  an d  Y. O kahata , Adv. Polym. Sci. 20. 159 (1976). 
T. Shimidzu, Adv. Polym. Sci. 23, 56 (1977).
F. M illich , Adv. Polym. Sci. 19, 117 (1975).
W. Drenth and  R . J . M .  Nolte, Acc. C hem . Res. 12, 30 (1979). 
A. J. M . van Beijnen, R. J. M. N olte , W. Drenth and  A. M. F. 
H ezem ans , T e t r a h e d ro n  32, 2017 (1976).
C. G. Overberger , J. C. Salom one , I. Cho and  H. M a k i , Ann. 
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A cco rd in g  to I U P A C  n o m en c la tu re  rules the m o n o m e rs  are 
n am ed  3 -(4 - im idazo ly l) -2 - isocyanopropano ic  acid and  2-(4- 
im idazo ly l ) - l - i so cy an o e th an e ,  respectively. Trivial nam es  are 
used for the sake o f  simplicity.
J. M. van der Eijk, R. J. M. Nolle  and  W. Drenth , Reel. Trav. 
Chim . Pays-Bas 97, 46 (1978).
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Results
Hydrolysis o f  4-nitro- and 2,4-dinitrophenyl acetate. In our  
first scries of experiments the esterolytic activities of both 
polymers, la  and lb, and for com parison, also of L-histidine, 
2a, and histamine, 2b, towards 4-nitrophenyl acetate 
(PN PA ) and 2,4-dinitrophenyl acetate (D N P A ) were m ea­
sured under conditions of excess of imidazole groups at 
25.00°C in 29 vol. % aqueous e thanol;  [C at .]  >  [S u b ­
strate]. Acetate, phosphate  or Tris buffers were added and 
the ionic strength was kept constant at 0.02 mol/1.
Rates were determined by following the increase in ab ­
sorption at 400 or 360 nm. These absorptions increase 
because o f  the release of 4-nitrophenolate  and 2,4-dinitro- 
phenolate ions, respectively. All experiments obeyed first 
order kinetics. The difference between the first order rate 
constants  /cmeasd (with catalyst) and A:blank (without catalyst),
¿ 'o b s d .  =  fcmcasd. “  ¿ ' b l a n k ,  is p roportional to the molar con­
centration of imidazole groups, [C at .] .
k obsd . [I]
The second order catalytic rate constants, k.d, at different 
pH values are sum marized in Tables I and II.
Table I Cataly tic  rate constantsa o f  po ly(carbylh is tid ine)  ( la ) ,  
L-histidine, po ly(carbylh is tam ine)  ( lb )  and histamine (2b) in the 
hydrolysis o f  PNPA.
pH
A'a x 102/ ( l .m ol 1 .s “ )
la 2a lb 2b
7.6 6.8 1.5 5.1 2.5
8.2 10.4 3.5 7.0 6.2
8.6 13.0 5.1 9.1 13.3
8.8 14.2 4.9 9.9 17.8
9.3 24.9 5.1 16.7 52.0
T he  c o n c e n t ra t io n s  o f  1 and  2 are 3 x 
im idazole  g r o u p s / 1, respectively; the 
P N P A  is 6.7 x 10" 5 mol/1.
10 4 and 5 x 10 4 mol 
initial co n cen tra t ion  of
Table 11 Cataly tic  rate constants'1 o f  
--histidine, p o ly (  car by  this t amine ) ( lb )  
hydrolysis o f  DN P A .
p o l y ( carbylhistidine)  ( la ) ,  
and histamine (2b) in the
pH
!ca x 102/( l .mol l .s !)
la 2a lb 2b
4.5 7.58 3.70 11.3 4.72
5.5 15.0 11.5 20.1 14.5
5.9 27.3' 17.0 32.7 21 .6
6.0 39.0 22.2 47.8 25.7
6.3 45.1 25.1 45.2 30.2
6.6 56.5 32.3 59.1 35.9
6.7 68.5 35.3 92.8 36.8
7.1 99.5 46.5 193 52.2
7.5 145 58.1 243 71.3
7.9 150 79.8 -- 103
8.3 177 108 252 148
8.9 230 174 247 280
9.3 259 185 264 292
The co n c e n t ra t io n s  o f  1 and 2 are 3 x 
imidazole  g r o u p s / 1, respectively; the 
D N P A  is 6.7 x 10~5 mol/1.
10 4 and  5 x 10 4 mol 
initial c o n cen t ra t io n  o f
groups/1) towards P N P A  ((5—25) x 10 4 mol/1) was m ea­
sured at pH 8.0 by the pH-stat  method. A plot of initial rate 
versus substrate concentration  gave a straight line. From the 
slope of this line the second order rate constant, k.A =  (8.5 ±  
1.0) x 10 2 l.mol ! .s 1 was calculated. This value is in 
agreement with the value which is obtained by interpolating 
to pH  8.0 the da ta  in Table I (Zca =  9.0 x 10 2 l.mol ^ s - 1 ). 
The catalytic activity of la  (1.0 x 10 4 mol imidazole 
groups/1) at pH 7.0 towards D N P A  ((2-25) x 10 4 mol/1) 
showed a different behaviour. The plot of initial rates 
against substrate concentration leveled off at high substrate 
concentrations, giving rise to a M ichaelis-M enten  type of 
curve.
The rate data  fitted the equation
V =  A[S]„/([S]„ +  K) [2]
where k and K are constants  and [S]0 is the initial concen tra­
tion of ester substrate. From the slope of the plot of v versus 
[S ]0 at [S ]Q =  0 the second order rate constant k.d =  
(A:/Al/[Cat.] =  0.75 ±  0.J l.mol _1.s 1 was calculated. This 
rate constant equals, within experimental error, the rate 
constant which can be obtained from Table II by extra­
polation to pH 7.0 (A:a =  0.81.m o l - *).
As appeared  from our first series of experiments, the 
hydrolysis of D N P A  catalysed by various concentrations 
of excess of la  did not show saturation kinetics. Therefore, 
the M ichaelis-M enten  like behaviour at excess substrate  
concentra tions was suspected to be the result of a change in 
rate-determining step, viz. from step 1 to step 2 in Scheme 1.
+
k  -,
CH.C00R —
3
1 NC0CH 3
+
+
k
d
2
(+h 20)
+ CH3C00H
Scheme 1
In order to confirm this idea the initial stage of the hydro­
lysis of D N P A  ((9-26) x 10~4 mol/1) by la  (2.55 x 10~4 
mol imidazole groups/1) was carefully followed by UV at 
455 nm and an ionic strength of 0.05. Typical burst beha­
viour, masked in the more sluggish pH-stat  technique, was 
now observed: an initial fast exponential liberation of 2,4* 
d in itrophenola te  followed by a slower, steady release. The 
presteady state liberation can be attr ibuted to an almost 
complete acylation of the catalyst and the subsequent slower 
release to a steady state turnover reaction.
The initial rate of the presteady state reaction appeared to be 
linear in substrate concentration, whereas the rate of the 
steady state reaction showed the substrate dependency of 
eqn. [2]. This result is indeed in line with a change from 
step 1 to step 2 being rate-determining. Scheme 1 predicts v 
to be linear in [S ]G when step 1 is rate-determining and a 
relation between v and [S ]0 as in eqn. [2], when step 2 is 
ra te -de te rm in ing14. In the latter case the constants of eqn.
In a second series of experiments reactions were carried out 
under conditions of excess of substrate. In this series the 
esterolytic catalytic activity of la (2 x 10 4 mol imidazole
14 M. L. Bender and  77/. H. M arshall , J. Am. Chem . Soc. 90, 201 
(1968).
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[2] are equal to k — £d[Cat .]0 and K  =  k j k a, where 
[Cat .]0 is the initial concentration of imidazole groups.
Such a burst kinetics curve is often analyzed by a procedure 
given by Bender et al.14. This procedure can only be applied 
if both stages of the reaction stand sufficiently apart from 
each other. As this was not always the case in our system, 
a curve fitting procedure was used for determining the rate 
constants and k d. The increase in the concentration of
2,4-dinitrophenolate, RO , follows eqn. [3]:
d [R O “]/dt = fca[Cat.] [S] + Ar,[S] [3]
where [Cat.] is the concentration of non-acylated imidazole. 
The term k x\_S] represents the uncatalysed reaction, k { 
being obtained from a separate experiment. Applying the 
equalities
[Cat.] = [Cat.]0 -  [ImAc] [4]
where ImAc is the acyl-polymer imidazole intermediate and
[S] =  [R O - ] t_„ -  [RO -] ,  [5]
I
eqn. [3] can be rearranged to: 
d [RO -]/d t  = {&a[Cat .]0 + k l -  ¿„[ImAc]}
{ [ R O - ] , . „  -  [RO -] ,}
The time dependency of [ImAc] is described by: 
d[ImAc]/dt = &a[Cat.] [S] — A:d[ImAc]
Applying eqns. [4] and [5] one obtains from eqn. [7]
d[ImAc]/dt =  fca[Cat.]0([RO "]t = 00- [ R O  " ] , ) -
- [ Im A c]  {&d + A:a([RO “] t = 00 — [R O - ],)}
[6]
[7]
[8]
The coupled differential equations [6] and [8] were solved 
by numerical methods and fitted to the experimental kinetic 
data. A representative example is given in Fig. 1. Rate 
constants k a and A:d calculated in this way from the burst 
experiments at several pH values and different buffer 
concentrations are presented in Table III. Considering the 
sometimes appreciable experimental error, the £a-values 
of Table III agree reasonably well with the corresponding 
A'a-values of Table II.
[RO ] x 1 0 3 / ( m o l . r 1)
Fig. 1. Hydrolysis o f  D N P A  by p o ly  (carbylhistidine) at 
p H  9.1. The dots are experimental points; the line is computer  
calculated. For conditions see Table III.
Table III Catalytic rate constants of poly (carbylhistidine) (la) 
in the hydrolysis of DNPA from a computer analysis of the burst 
experiments.
pH A'a/(l.mol '.s !)a kd x 104/s~ 1 b
7. Ie 0.85 0.92
7.7e 1.15 1.7
8. ld 1.2 2.3
8.7d 1.7 6.3
9. ld 3.0 12
a
c
d
Mean value from experiments at different buffer concentrations 
(0.02-0.06 mol/1); estimated error 10%.
Extrapolated to zero buffer concentration from three experiments 
at buffer concentrations of 0.02, 0.04 and 0.05 mol/1, respec­
tively; estimated error 10%.
Phosphate buffer.
Tris buffer.
Hydrolysis o f  4-acetoxy-3-nitrobenzoic acid anion and 3- 
acetoxy-N ,N ,N-tr im ethylanilin ium  iodide. The hydrolysis 
of the negatively charged substrate 4-acetoxy-3-nitrobenzoic 
acid anion (NABA) catalysed by excess of la  and of lb was 
measured at pH 7.5 and 8.8. Rates were determined from 
the release of the 4-carboxy-2-nitrophenolate ion, observed 
at 410 nm. The kinetic behaviour was similar to that ot 
PNPA and DNPA under excess catalyst conditions. The 
rate constants are given in Table IV.
For the positively charged substrate 3-acetoxy-/V,/V,7V- 
trimethylanilinium iodide (ANTI) the hydrolysis catalysed 
by excess of la  and of lb  was followed at pH 8.9 using a 
pH-stat. The results are given in Table IV.
Table IV Catalytic rate constants of poly (carbylhistidine) (la) and 
poly (carbylhisiamine) (lb) in the hydrolysis of a positively charged 
ester (ANTI)  and a negatively charged ester (NABA) .
Ester pH
Â:a x 102/(l.mol l .s l )
la lb
ANTIa 8.9 10 6.5
NABAb 8.8 5.8 9.3
7.9 5.1 7.9
a The concentration of both polymers is 2.3 x 10 4 mol imidazole 
groups/1; the initial concentration of ANTI is 6.7 x 10 3 mol/1; 
ionic strength 0.02 mol/1. 
b The concentration of both polymers is 2.5 x 10 4 mol imidazole 
groups/1; the initial concentration of NABA is 10 3 mol/1; 
ionic strength 0.02 mol/1.
Discussion
Acylation. The kinetic data suggest that the hydrolysis of 
activated esters catalysed by poly(iminomethylene) anchored 
imidazole follows a two step mechanism involving an acyl 
intermediate, as depicted in Scheme 1. Although evidence 
for this suggestion is provided only by the experiments 
with poly(carbylhistidine) and excess of DNPA, it pre­
sumably will be present in the other cases as well.
In the present system acylation of imidazole is not preceded 
by a binding of substrate to the catalyst in contrast to what 
is observed for enzymes. This can be concluded from the 
linear dependency of k.A from substrate concentration under 
conditions of excess of catalyst as well as of excess of sub­
strate. Catalyst-substrate binding in polymeric model sys­
tems has only been reported for long chain substrates and 
for catalysts modified with long chain side groups; these 
long chains enhance hydrophobic interactions.
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Fig. 2. Catalytic rate constants of poly(carhylhistidine), 
O and and poly (carbylhistamine), A, in the hydrolysis of 
DNPA as a function of pH. O Excess of catalyst; #  excess of 
substrate.
k_ / ( I . m o M  . s -1)
j Fig. 3. Catalytic rate constants of L-histidine, O, and 
histamine, A, in the hydrolysis of DNPA as a function of pH.
In Figs. 2 and 3 the second order rate constants ka for the 
hydrolysis of D N P A  catalysed by la  and lb, and by 2a and 
2b, respectively, are plotted against pH. Similar plots for 
If hydrolysis of P N P A  by these catalysts do not differ signi­
ficantly from the D N P A  profiles but are limited to a smaller 
pH range due to the higher pKa value of 4-nitrophenol. 
Therefore, they will not be discussed separately.
An adequate  analysis of the data  of Figs. 2 and 3 requires 
a knowledge of the fraction of unpro tona ted  imidazole 
groups ( a Im). For la  and lb  the relationships [9] and [10] 
between a lm and the pH have been determined by poten- 
tiometric t i t ra t io n s13.
la p H  =  9.30 -  1.53 log [ ( l - a . J / a . J  
lb pH  =  5.18 -  1.43 log [(1 — a lm)/ot|m]
[9]
[10]
k / ( l .m o l  l . s  1)
Fig. 4. Catalytic rate constants of poly (carhylhistidine), 
O and # ,  and poly (carbylhistamine), A, in the hydrolysis of 
DNPA as a function of the fraction of unprotonated imidazole 
groups, a. O Excess of catalyst; % excess of substrate.
k I  (l.mol \ s  1 ) a
Fig. 5. Catalytic rate constants of L-histidine, O, and 
histamine, A, in the hydrolysis of DNPA as a function of the 
fraction of unprotonated imidazole groups, a.
The m onom ers  histidine (2a) and histamine (2b) both 
possess a p K A o f  6 .0 1''’16.
In Figs. 4 and 5, k.d is plotted against the a Im-value calculated 
for each pH. For both 2a and 2b there is a linear relationship 
between kA and a Im up to a ,m ~  0.8. Both lines have slopes 
which are the same within experimental error (0.44 +  0.04
l.mol ~ 1 .s~ !). Above a Im ^  0.8 the curves strongly deviate 
from linearity in upwards direction due to participation by
15 T. C. Bruice and G. E. Schmir, J. Am. Chem. Soc. 80, 148 (1958).
10 E. Katchalski, et al., Arch. Biochem. Biophys. 88, 361 (1960).
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the unpro tona ted  amino functions of 2 (pA^a ( N H 2) =  9.1 
for 2a, pK^ ( N H 2) =  9.7 for 2b )17. Plots of these upwards 
deviations of k.A against the calculated fraction of u n p ro ­
tonated a -am ino  groups appeared to be linear with a high 
degree o f  accuracy (r =  0.999); the corresponding second
order rate constants  are k a ( N H 2) =  5.0 ±  0.1 l.mol .s 
for 2a and 11.9 ±  0.3 l .m o l_1.s_1 for 2b.
The behaviour of la  is completely different: the plot of 
k a versus a ,m curves downwards. The curve can be described 
by equation [11].
¿a ¿a.l^lm k a , 2 a lm ' PC O O U [ 1 1 ]
This phenom enon  suggests that two pathways of hydrolysis 
are operative. The coefficients k a%1 and k A 2 are second order 
rate constants  for the two pathways and P co o h  is the frac~ 
tion of undissociated carboxylic groups. The latter fraction 
can be calculated at each pH from the relationship [12]. 
This relationship w'as derived from potentiometric  titration 
da ta  as outlined in ref. 13.
pH =  5.85 — 1.37 log [(3/( 1 — (3)] [>2]
Using eqns. [9] and [12] and the rate constants A’a in 
Tables II and III, the constants  k a l and k a 2 are estimated to 
be (5.4 ±  0.3) l.mol ‘ . s -1 and (180 ±  20) l .m o l- ! . s - 1 , 
respectively. The solid line for la  in Fig. 5 is the line cal­
culated from eqn. [11]. It appears from these results that 
the most effective pathway for hydrolysis is the one which 
involves the carboxylic group. The corresponding transition 
state most probably  is:
Similar cooperative effects of imidazole and carboxyl 
groups are know'n to occur in hydrolytic enzym es2. U n ­
fortunately, in the present system the p K t values of the 
imidazole group and the carboxylic group differ too much 
for the above mentioned pathway to be predom inant at 
higher p H ’s.
For polymer lb  the plot of A:a versus a,m curves upwards 
strongly (Fig. 4). A com parison  of ka at a Im =  1 for this 
com pound  and the corresponding rate constant of the model 
com pound  2b, obtained by extrapolating the straight line 
below a  =  0.8 to a  =  1, shows that the anchored imidazole 
group is 6 times more active as a catalyst than the n o n ­
anchored  imidazole group. One might wonder whether this 
higher activity is due to the involvement of an anionic 
imidazole species in catalysis by lb. Suggestions of this kind 
can be found in the li terature40 for other imidazole-con- 
taining polymeric catalysts. However, it seems unlikely that 
in the pH range that we have studied, even small am ounts  o f  
anionic imidazole groups are present, considering the very 
high p K a 2-value of the imidazole group (estimated to be 
14.518). Support  for this noninvolvement of anionic im ida­
zole groups is afforded by the presence of a plateau in the pH
1 7
18
D. D. Perrin , D issoc ia t ion  co n s tan ts  o f  o rganic  bases in aq u eo u s  
so lu t ion ,  B u t te rw o rd s  (L o n d o n ) ,  S upp lem en t  1972.
T. C. Bruice and  J. L. H e n , J. Am. C hem . Soc. 86, 4109 (1964).
profile of polymer lb  in Fig. 2. The observed higher activity 
of lb  as com pared  with 2b is more satisfactorily explained 
by a cooperative action of several neutral imidazole functions 
along the polymer chain:
Such a cooperative action might also be operative in polymer 
l a .  However, we could not verify this experimentally 
because of lack of rate data  at large ot,m-values for this 
com pound .
An additional reason for the steep upward curving of the 
^ a versus a ,m plot of polymer lb  might be that going from 
small to large a lm-values and consequently high to low 
degree of p ro tona t ion  of imidazole functions, a reduction 
occurs in unfavourable  electrostatic interactions in the 
transition state. These interactions are conceivable to appear 
when an imidazole group attacks the ester substrate: the 
positive charge developing on the attacking nucleus Ls 
destabilized by the positive charges of neighbouring pro- 
tonated  imidazoles. On the other hand, one might expect a 
stabilization of the transition state by similar interactions 
between these neighbouring groups and the developing 
negative charge on the carbonyl oxygen atom of the ester 
substrate. Apparently , the latter stabilization does not take 
place to a considerable extent. In this context it is worth 
noting that the rate constant k.xA o f  polymer la  is aboul
Table V Cata ly tic  rate constants o f  po ly(carbylh is tid ine)  (la), 
p o ly  (carbylhistam ine)  ( lb ) ,  poly(v iny lim idazo le)  ( P V I m)  and a 
copolymer o f  vinylimidazole and acrylic acid ( P V I m —Ac)  in the 
hydrolysis o f  P N P A ,  NAB A  and ANTI .
Catalyst
x 10~/(l.mol - 1 . s _1)a
M l a ) / M l b )
k,  ( P V I m - A c )/
pH 8.8 ± 0 .2 7.7 ± 0 .2 ka (PVIm)
P N P A
la 15 6.8
1.3-1.5lb 10 5.4
P V Im —A c b 16 3
0.15-0.25PVIm 70 20
NABA
la 5.8 5.1
lb 9.3 7.9 0.6—0.7
P V I m - A c 5 0.5 0.15-0.0025
PVIm 100 200
A N TI
la 10
1.7lb 6.5
P V Im —Ac 30
PVIm 10 J
Second order  rate cons tan ts  for P V Im —Ac and PVIm are estimated from 
Figs. 3 and 5 o f  Ref. 23, and from Tables I and IV of Ref. 24.
Polymer com posi t ion  46 .3%  imidazole.
23 C. G. Overberger  and  H. M aki,  M ac rom o lecu le s  3, 214 (1970).
24 C. G. Overberger, T. St. Pierre , N. Vorchheimer, J. Lee and 
S. Yaroslavsky , J. Am. C hem . Soc. 87, 296 (1965).
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ten times greater than the corresponding rate constant of 
polymer lb, which can be calculated from the first part (up 
to a lm =  0.6) of the plot in Fig. 4: k aA =  0.45 l . m o f ’. s “ 1. 
This is conceivable because in polymer la  the positively 
charged imidazole nuclei are partly counterbalanced, even 
at relatively low pH values, by the negatively charged 
carboxylic anions. If there is a stabilization of the transition 
state by positively charged neighbouring imidazole groups 
the A:a l constant o f  la  should be lower than that of lb, if 
other factors do not predominate .
It is of  interest to make a com parison  between the catalytic 
activities of our polymers 1 and those of poly(vinylimidazole) 
(PVIm) and a copolym er of vinylimidazole and acrylic 
acid (P V Im —Ac). In Table V relevant data are collected for 
PNPA as are data  for the two charged substrates ANTI and 
NABA. C om parab le  rate constants  for D N P A  are not 
available in the li tera ture4.
kd x10J / ( s " 1)
CM 2 CH
/
n
P VI m
(CH 2 CH} 0.46 (CH 2 CH} 0.54
/ C00H
NH n
P V I m - A c
r he catalytic activities of la,  lb and P V Im —Ac towards 
PNPA are almost the same. PVIm is more active than the 
com parable  species lb. For the charged substrates N A B A  
and A N TI it is worthwhile to com pare the rate ratio of 
la to lb with the rate ratio of P V Im —Ac to PVIm. The 
decrease in activity towards the negatively charged N A B A  
by the in troduction  of a carboxylic function is larger for 
the polyvinyl system than for our poly(iminomethylenes). 
A similar conclusion can be drawn with respect to the 
increase in activity towards the positively charged A N T I,  
although here the effect is less pronounced. This means 
that interactions with charged substrates are more effective 
tor vinylic polymers than for poly(iminomethylenes). This 
behaviour reflects the difference in structure of both sup­
ports. The flexible polyvinyl support  is more able to ac­
com m odate  a positively charged substrate than is the rigid 
rod poly(iminomethylene) support.  For the same reason the 
former support  might be more effective in repelling a 
negatively charged substrate  than the latter support.
Déacylation. The good leaving group ability of the 2,4- 
d in itrophenolate  ion enables us to study the déacylation 
process. The first order rate constant,  A:d, for déacylation of 
acylated la  increases linearly with increasing buffer con­
centration. This suggests that déacylation is buffer assisted. 
Apart from this buffer assisted process, k d in principle 
consists of a num ber of terms (eqn. [13]).
Ad =  /cd( 0 H - ) [ 0 H - ] 4 - M H 20 ) [ H 20 ] + A 'd(Im )[Im ] [13]
The constants  k d (O H ~),  k d ( H 20 )  and k d (Im) are the rate 
constants o f  déacylation catalysed by O H “ , water and 
imidazole, respectively.
Fig. 6. Rate constants o f  déacylation o f  acetylated po lyfcar-  
hylhistidine) as a function o f  the concentration o f  hydroxyl  
ions.
In Fig. 6 k d at zero buffer concentration (Table III) is plotted 
against [O H  “]. At each pH value the latter concentra tion  
was calculated from the p K a value of water in 30% ethanol- 
water at 25°C, pK.A ( H 20 )  =  14.491 A linear relationship 
is obtained (correlation coefficient 0.998) which shows that 
the imidazole groups do not significantly participate in the 
hydrolysis of the acylated species. In tramolecular catalysis 
of déacylation by imidazole as a general base has been 
reported by Overberger20 for poly[jV-acyl-4(5)-vinylimida- 
zole] and by Kunitake21 for the acylhydroxam ate inter­
mediate of a copolymer of /V-methylacrylohydroxamic acid 
and 4-vinylimidazole. However, these studies are not com ­
pletely related to our study. For  instance, in the poly[7V- 
acyl-4(5)-vinylimidazole] case there is a continuous release 
of imidazole groups and no regeneration of the acyl inter­
mediate. In our system nearly all imidazole groups are 
present in the acylated state as can be concluded from the 
m agnitude of the initial burst. Catalysis by free imidazole 
groups can only be effective when a sufficient num ber of 
such groups is present. Therefore, in our system in tra­
molecular catalysis by imidazole is not expected to be 
appreciable.
From  the slope and intercept of Fig. 6 the contributions of 
the hydroxyl ion and solvent catalysed déacylation have 
been calculated:
=  275 +  15 l . m o P ' . s ' 1k d ( O H " )  
k d ( H 20 ) [ H 20 ]  =  (1.2 ±  0.3) x 10 _4s * 1
The corresponding  constants  for hydrolysis of acetylimi 
dazole in water at 25°C a re 22
A'd ( O H - ) =  317 l .m o l " 1 " - 1
k d ( H 20 ) [ H 20 ]  =  0.83 x 10
.s
- 4 s - i
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The values for £d (OH- ) as well as for A:d (H20) do not 
differ significantly for the two systems. The similarity of 
A'd (OH- ) values indicates an absence of electrostatic 
repulsion between the hydroxyl ions and the negatively 
charged carboxylate groups in the polymer.
Experimental part
Materials
Poly(carbylhistidine) and poly(carbylhistamine) were prepared as 
described previously13. L-Histidine monohvdrochloride mono- 
hydrate and histamine dihydrochloride were obtained from Baker 
and Aldrich, respectively. 4-Nitrophenyl acetate (m.p. 79°C),
2.4-dinitrophenyl acetate (m.p. 70-71°C), 4-acetoxy-3-nitroben- 
zoic acid (m.p. 151°C) and 3-acetoxy-/V.A^.ALtrimethylaniliniuin 
iodide (m.p. 208°C) were prepared in according to literature 
methods24-27.
Kinetics
UV-measurements. For the experiments under conditions of 
excess of catalyst, 3.2 x 10 4 and 5.0 x 10 4 mol/1 solutions of 1 
and 2, respectively, were prepared in 28.5 vol. % EtOH —H 20  
with sufficient potassium chloride to adjust the ionic strength to 
0.02 mol/1. At pH 8 and higher, solutions were buffered with 
0.02 mol/1 Tris and hydrochloric acid; for the pH region 6 to 8, 
K H 2P 0 4 and Na2H P 0 4 buffers were prepared in such a way that 
the ionic strength was 0.02 (mol/1); for the pH region below 6, 
solutions were buffered with 0.02 mol/1 sodium acetate and hydro­
chloric acid. The substrates PNPA and DNPA were dissolved in 
28.5% EtOH — H 20  to a concentration of 10 3 mol/1. For each 
measurement the catalyst solution (2.8 ml) and the substrate 
solution (0.2 ml) were mixed in a quartz cell, which was subse­
quently placed in a Cary type 15 spectrophotometer, thermostated 
at 25.00°C. Absorbances (At) of 4-nitrophenolate at 400 nm and
2.4-dinitrophenolate al 360 nm were followed as a function of time. 
After at least ten half-lives the absorbance for complete reaction 
(A^) was measured. Catalysis by buffer only was measured in the 
same fashion. For burst experiments equal volumes of a solution 
of substrate in 57% E t 0 H - H 20  and of catalyst in pure water 
(both of 25°C) were mixed (t =  0). Recording at 455 nm was started 
within 20 s. Experiments with the polymeric catalysts and NABA
were performed in a similar way. Thus, 2.8 ml of catalyst solution 
and 0.2 ml of substrate solution (1.5 mol/1 in acetonitrile) were 
mixed and the reaction was recorded at 410 nm.
pH-Stat measurements
The reaction solution (7 ml) contained 10 4 mol/1 poly(carbyl- 
histidine) and (0.3-2.5) x 10"3 mol/1 DNPA in 28.5% EtO H - 
- H 20. The reaction rate at 25.0°C and pH 7.0 was obtained from 
the volume of titrant (0.01 mol/1 NaOH in 28.5% EtOH —H20) 
needed to neutralize the acetic acid and 2,4-dinitrophenol formed. 
The titrant volume versus time plot was recorded using a Radiometer 
Titrigraph, type SBR 2c, equipped with an automatic burette. 
Experiments with poly(carbylhistidine) and ANTI were performed 
in a similar way.
Computer calculations
The differential equations were solved by a numerical method 
devised by Bulirsch and Stoer. This method is available in the 
FORTRAN subroutine DREBS from IMSL28. The minimalization 
was worked out by the Levenberg-Marquardt method, which is the 
basis of the subroutine ZXSSQ, also from 1SML.
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